'A 


U.S.  DEPMITMENT  OF  COMMUCE 
National  Technical  Infonnation  Service 


AD-A027  018 


THERMAL  INSULATION  BY  INJECTION  OF  UREA  FOAM  IN 
BUILDING  STRUCTURES 


Cold  Regions  Research  and 
Engineering  Laboratory 


July  1976 


8  to^sovaw 


203040 
TL  532 


Draft  Translation  532 
July  1976 


THERMAL  INSULATION  BY 
INJECTION  OF  UREA  FOAM 
IN  BUILDING  STRUCTURES 


National  Swedish  Board  of  Urban  Planning 


frcptoouccD  iv 

NAPONAL  TECHNICAL 
INFORAAATION  SKVICE 

U.  S.  OEfARTMENT  OF  COMMfllCE 


D  D  C 

f/ip’Qpnn  n 

p>,  19  1976 

-'ESGJDITE 

Q 


CCR^S  0“^  ENG:nEERS.  ^.5.  aRV'- 

COLD  REGIONS  RESEARCH  AND  ENGINEERING  LABORATORY 

hA\OVER.  NEW  i-.AVPSr^'RE 


APOccv^T  *’0®  PL  C  ®ELFASfc.  ^  ''  r  ' 


? 


Unclassified 


SECURITY  CUASStPICATION  OF  THIS  FACE  ^an  Data  EHiata4> 


REPORT  DOCUMENTATION  PAGE 

READ  IMSTRUCTKWS 

BEFORE  COMPLETING  FORM 

1.  RERORT  number 

Draft  Translation  532 

3.  RCCIRICNT’t  CATALOG  NUMBER 

4.  TITLE  (amt  Suhtltla) 

S.  tyre  of  RERORT  A  RERIOO  COVERED 

THERMAL  INSULATION  BY  INJECTION  OF  UREA  FOAM 

IN  BUILDING  STRUCTURES 

1.  RCRFORMINO  ORG.  RERORT  NUMBER 

7.  AUTHORfaJ 

•.  CONTRACT  OR  GRANT  NUMBCRr*) 

National  Swedish  Board  of  Urban  Planning 

s.  RCRFORMINO  ORGANIZATION  NAME  AND  ADDRESS 

U.S.  Army  Cold  Regions  Research  and 

Engineering  Laboratory 

Hanover,  New  Hampshire 

to.  RROGRAM  CLEMENT.  RROJECT,  TASK 
AREA  •  WORK  UNIT  NUMBERS 

It.  CONTROLLING  OFFICE  NAME  ANO  ADDRESS 

12.  RERORT  DATE 

July  1976 

II.  NUMBER  OF  RACES 

14.  monitoring  agency  name  a  AODRCSSfif  titlataat  traat  Camitallimt  Ottlea) 

13.  security  Class,  (at  thia  tapart) 

■rf.'u.jfTTirjw.in.!Ti  i  1 1  1 1 1  ii  i  mmi 

I*.  OISTRISUTION  STATEMENT  (’•I  Alt  RaparlJ 


Approved  for  public  release;  distribution  unlimited. 


17.  OISTRISUTION  STA'^EMENT  (at  Iha  akattaci  antara4  la  Btaek  39,  It  Mllataal  Iraat  Kapart) 


IS.  sufflementarv  notes 


It.  KEY  WORDS  (Caallaaa  aa  taaaraa  aUa  It  aacaaaarr  ant  Itaatlty  tp  Hack  nuaibar) 

THERMAL  INSULATION  UREA  FOAM 

ENERGY  CONSERVATION  CONSTRUCTION  MATERIALS 


20.  ABSTRACT  (CaalHmia  am  raaaraa  alta  It  aaaaaaaar  Itanllty  kp  Hack  aaaikaa) 

This  report  gives  Information  concerning  Improvement  of  thermal  Insulation  In 
existing  buildings  by  Injection  of  urea  foam  In  hollow  portions  of  the 
structures.  Vfhen  performed  and  used  correctly,  Insulation  with  urea  foam 
can  rei-ult  In  considerably  improved  thermal  Insulation,  both  in  structures 
with  high  heat  transfer  coefficients  (K-values)  and  in  structures  where  the 
thermal  Insulating  capability  Is  impaired  by  air  flow  through  fissures  and 
slits. 


FORM 

I  JAM  7S 


1473 


COITION  OF  I  NOV  ES  IS  OBSOUCTE 


Unclassified 


security  CLASSIFICATION  OF  THIS  RAGE  fWhM  Data  Ealarat) 


□  □ 


draft  TRANSLAIIDN  532 


sii  ^ 


TTT,^-  THERMAl  mSBUIIOH  BY  DUECXIOH  OF  tim  FOAM  W  BUIU)INO 
OIGLISH  TITLE: 


STRUCTURES 


mRIEHG  TITLE-  VAEMEISOIERIEO  GEHOM  mjEKtERUB  AV  EAREAMIDSm  I 

forieng  title.  *5^^3^bstrucktioner 


author 


;  M.tlon.l  sw.dl.h  Board  of  Otb»  PUmlng 


editors;  W.  Tobiasson  and  A.  GreaCorex 


SOURCE:  Svensk  Byggnorm 


-Upplysning,  Statens  planverk,  Nr  15,  1968 


A  Inc  Nashua,  N.H., for  U.S.  Army  Cold 

Stone  Associates,  me.,  > 


NOTICE 

The  conteucs  of  this  Hmum 

of  copy  editing  and  graphics  ^  copies  of  this  document  should  be 

idilrto^tie  SrB^”c^innrn1eS:r.  Coeron  Station.  Alerandrla. 
Virginia  22314. 


1. 


GENERAL  ASPECTS  ON  INJECTION  OF  THERMAL  INSULATION  MATERIALS. 


• 

The  thermal  insulation  in  existing  huildings  may  for  various  reasons  require 
improvement.  In  structures  containing  hollow  portions  or  spaces  this  can  be 
accomplished  by  injection,  i.e.  spraying  or  bloving,  of  insulation  material, 

'  provided  that  the  hollov  spaces  are  not  needed  for  protecting  the  structure 
r.^cinst  moisture  (cf .  ,  SEN  67  32:31).  Wet  or  dry  materials  can  be  used  for 
1::J  ection. 

An  example  of  wet  materials  is  urea  foam,  while  dry  injection  materials 
may  consist  of  mineral  wool  fibres  or  granules  of  cellular  polystyrene  plastic. 
From  a  technical  standpoint,  the  choice  of  insulating  material  depends  cn 
factors  such  as  the  thickness  of  spaces  to  be  insulated,  possibilities  for 
simple  drilling  and  repairing  of  injection  holes,  as  well  as  the  injection 
pressure  which  the  structure  can  withstamd.  In  the  case  cf  vet  instdation 
materials,  one  must  consider  the  capability  of  the  structure  to  allow  moisture 
to  evaporate  from  the  insulation  (cf.,  SEN  6?  32:31).  Wet  insulation  materi¬ 

als  should  therefore  only  be  used  in  hollow  spaces  where  the  colder  wall  (as  a 
rule  the  outer  wall  cf  the  hollov  space)  does  not  contain  materials  that  prevent 
or  seriously  obstruct  penetration  of  water  vapor. 

The  following  discussion  will  be  limited  to  injection  of  urea  foam,  since 
manj'  unsuccessful  insulation  tasks  have  been  performed  with  this  material. 
Koweviir,  vrtien  performed  and  used  correctly,  insulation  with  urea  foam  can 
result  in  considerably  improved  thermal  insulation,  both  in  struct’ores  with  high 
heat  transfer  coefficients  (k-values)  and  in  structures  where  the  themsd 
insulating  capability  is  impaired  by  air  flow  through  fissures  and  slits. 

^  2.  INJECTION  OF  URETHANE  FOAM. 

2.1  Manufacture  and  Material  Properties. 

Urea  foam  is  manufactured  from  a  urea-formaldehyde  resin  which  is  mixed  with 
water,  urea,  foaming  agents  and  hardener.  The  heurdener  and  the  other  materials 
are  nixed  during  the  injection,  which  is  performed  with  special  equipment. 

After  injection,  -.he  foam  cures  relatively  fast  and  hardens. 

Urea  foam  has  open  cells  and  can  be  made  with  various  densities.  When 
injected  into  building  structures,  the  foam  obtains  a  density  between  7  and  10 
kg/mj.  The  structural  strength  is  low. 

During  hardening,  the  material  will  shrink,  which  causes  cracks.  The  curing 
rate,  as  well  as  the  rate  and  amount  of  shrinkage,  sire  determined  by  chemical 
and  physical  factors.  The  ratios  between  the  various  base  materials  are 
critically  important,  as  well  as  the  hardness  (calcium  content)  in  the  water 
used  to  dissolve  these  materials.  If  temperatures  below  0°C  occur  in  the  space 
where  injection  is  made,  there  is  considerable  risk  for  inferior  insulation 
performance,  even  if  heated  material  is  used. 

Laboratory  tests  have  been  performed  by  the  Board,  to  clarify  the  shrinking 
process  in  urea  foam.  Three  Swedish  firms  with  good  experience  in  injection 
of  urea  foam  took  part  in  these  tests  by  supplying  a  number  of  sample  wall 
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sections  injected  with  urea  foam.  The  density  of  the  injected  foam  in  samples 
supplied  by  the  three  firms  was  12,  lU,  and  23  kg/m^,  respectively.  The 
samples  were  allowed  to  dry  out  in  a  heated  room.  From  the  tests  it  was  evident 
that  approximately  the  same  amount  of  shrinkage  occurred  in  the  three  types  of 
samples  and  that  the  shrinkage  had  virtually  ceased  after  one  year  of  storage. 

The  cracks  formed  in  the  saaqples  indicated  a  linear  shrinkage  of  8  to  10  percent. 

Urea  foam  has  a  capillary  suction  capability  and  can,  when  subjected  to  water 
pressure,  absorb  large  amounts  of  water.  Alter  drying  out,  the  moisture  ratio 
of  the  material  is  about  6  percent  by  weight  at  an  ambient  air  relative  humidity 
of  35  percent  and  about  15  percent  by  weight  for  an  ambient  air  relative  humidity 
of  85  percent. 

The  water  vapor  diffusion  coefficient  for  urea  foam  without  cracks  is  about 
0.05  g/a  h  mm  Hg  for  a  density  of  25  kg/m^.  However,  the  cracks  caused  by 
shrinkage  will  strongly  reduce  the  diffusion  resistance  of  a  foam  insulation 

layer. 

Completely  dried  urea  foam  with  no  cracks  and  a  density  between  7  and  lU  kg/m*^, 
has  a  heat  conductivity  that  varies  from  0.030  to  0.035  kcal/m  h°C,  for  a  mean 
temperature  of  'flO^C  in  the  sample.  Due  io  normally  present  moisture  in  the 
material  and  convection  through  the  cracks  created  by  shrinkage,  the  thermal  in- 
STilation  performance  is  reduced  to  about  one  half  of  that  valid  for  dry  material 
with  no  cracks.  Thus,  the  effective  thermal  conductivity  can,  in  practice,  be 
assumed  to  be  about  0.0^  kcal/m  h°C  for  urea  foam  injected  into  building  structures. 

Hardened  urea  foam  is  combustible  but  self  extinguishing.  It  will  decompose 
thermally  at  ■«’200°C.  The  material  is  not  atteu:ked  by  fungus,  and  provides  no 
nourishment  for  rodents  or  insects.  If  the  correct  amount  of  hardener  (acid)  is 
used,  the  urea  foam  will  not  cause  corrosion  of  nails  or  other  metal  parts  of  the 
structure. 

2.2  Applications 

Since  the  cracks  caused  by  shrinkage  has  a  considerable  effect  on  the  insulation 
performance,  injected  urea  foam  should  only  be  used  as  added  insulation  in  existing 
buildings  in  need  of  improved  insulation. 

Injection  is  allowed  only  in  spaces  where  the  drying  out  process  is  not  i]q>aired  by 
vapor  tight  materials  (cf. ,  the  i  ntroductory  section  and  5BN  67  32:31).  Particiilarly 
difficult  drying-out  conditions  are  often  at  hand  in  floor  structures  and  low  attics. 

Injection  may  not  be  made  in  a  manner  which  blocks  air  passages  necessary  for 
proper  moisture  removal  from  the  structure  (c.f.,  SBN  67  32:21). 

In  areas  where  exterior  walls  often  are  subjected  to  rain  in  combination  with 
high  winds  (hea\y  rains  in  exposed  locations),  urea  foam  should  not  be  injected 
inside  wooden  sheathing  and/or  siding,  unless  these  are  impregnated.  It  has 
shown  that  rot  may  occur  in  wooden  sheathing  or  siding  under  adverse  drying-out 
conditions. 
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Work  Procedures. 


'  Insulation:  pro.lects  involving  urea  foam  should  be  carried  out  according  to  a 
work  procediire  established  in  advance  and  which  takes  into  account  the  recom¬ 
mendations  listed  in  this  section. 

To  prevent  damage  to  the  building  structxire  and  to  ensure  that  the  properties 
of  the  final  foam  plastic  material  are  satisfactcri”,  the  following  rules  must 
be  adhered  to  when  injecting  the  foam: 

(a)  Before  injection  is  begun,  the  building  structure  must  be  inves¬ 
tigated  with  respect  to  the  site  of  hollow  spaces  and  the  presence 
of  material  layers  which  may  prevent  the  drying  process  (cf., 
section  2.2).  As  a  rule,  injection  should  onlv  be  done  in  spaces 
that  are  at  least  2  cm  thick. 

(b)  The  foam  ingredients  must  be  mixed  with  their  proper  ratios.  Ease 
materials  in  powder  form  should  be  weighed  a:.d  b';  allowed  to 
dissolve  in  water  for  an  adequate  time  (2U  -  1*8  aours)  before 
injection.  The  hardness  of  the  water  (calcium  content)  must  be 
selected  on  the  basis  of  what  is  suitable  for  the  base  materials 
used. 

(c)  Injection  must  be  performed  only  with  proper  proportions  of  the 
various  liquids.  The  pressure  must  be  such  that  all  hollow  spaces 
are  properly  filled.  However,  the  pressure  must  not  be  so  high 
that  the  integrity  of  the  structiore  is  impaired  or  other  damage 
occurs.  For  each  hole,  injection  should  continue  until  foam 
emerges  from  neighboring  holes. 

(d)  Injection  shall  not  be  performed  in  weather  or  other  conditions 
where  injected  foam  may  freeze  before  complete  curing,  even  if 
pre-heated  materials  are  used. 

2.1*  Inspection. 

The  result  of  a  performed  injection  can  not  readily  be  inspected.  A  certain 
assurance  that  a  hollow  space  is  completely  filled  is  obtained  if  the  injection 
in  each  hole  is  continued  until  foam  emerges  from  neighboring  holes.  In 
addition,  an  experienced  craftsman  can  sometimes,  by  knocking,  detect  incomplete 
filling  of  a  space. 

The  properties  of  the  plastic  foam  after  curing  can  not  be  accur'itely  determined 
at  the  time  of  injection.  Thus,  post-inspection  should  be  performed  to  ensure 
that  the  intended  quality  of  the  injected  material  has  been  obtained.  However, 
this  inspection  should  not  take  place  until  about  one  year  after  the  injection 
has  been  performed. 

A  suitable  method  for  post-inspection  is  to  uncover  small  areas  of  the  insula¬ 
tion  in  randomly  selected  locations  and  visually  observe  its  condition.  The 
injection  contractor  should  be  present  during  this  inspection.  Some  crack 
formation  must  be  accepted,  due  to  the  considerable  shrinkage  of  the  material. 
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On  the  other  hand,  large  voids  can  not  be  tolerated  and  more  or  less  pulverj.ze(J 
insulation  is  not  acceptable. 

The  results  of  an  injection  project  can  edso  be  evaluated  by  heat  flow  measure¬ 
ments  or  by  infrared  photography.  Such  measurements  must  be  performed  d’uring  the 
cold  season  and  complicated  test  equipment  is  required  for  obtaining  reliable 
results . 
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